I. INTRODUCTION
High-temperature superconductivity was first achieved by doping nonsuperconducting (NSC) La2CuO~o with Ba or Sr to give Laz, R CuO& 0 (R =Ba or Sr). ' Illustrated in Fig. 1(a) is the structure of the parent compound La2Cu04 o. It is possible, however, to convert La2Cu04 0 into a superconductor in another manner, namely, by putting excess oxygen into the structure. ' When sufhcient excess oxygen is introduced by heat treatment in high-pressure oxygen, a stable, bulk superconductor is obtained. This view was supported by analysis using photoelectron spectroscopy.
Zhou, Sinha, and Cxoodenough argued that disparities between gravimetric and titration measurements could be explained by surface oxygen, a result that is consistent with more recent single-crystal studies. ' Other research has suggested that the excess oxygen is in the form of peroxide, 02 . For example, neutron-diffraction measurements ' of a single crystal of average composition La2Cu04 o3$ showed as one interpretation that the excess oxygen resulted in a short 0 -0 bond of 1.59 A, consistent with bond lengths of peroxides. Fig. 1(b) illustrates the structural position of the excess oxygen as suggested by the neutron-diffraction study.
Like NSC LaCu04o, SC LaCu04+ has a tetragonal-toorthorhombic (T-0) phase transition upon cooling. With further cooling, SC LaCu04+ undergoes phase separation into two distinct orthorhombic phases. " One of the two coexisting phases is known to contain the excess oxygen and to be superconducting.
While the other phase is known to be essentially stoichiometric La2Cu04 o, '" lit- tle is known about its electrical or magnetic properties.
Here, Raman scattering has been used to examine sin- Table I ). In the upper Raman spectrum of Fig. 2 Table I ). The lower spectrum (77 K) of Fig. 2 Table   II ). This insensitivity to the excess oxygen is surprising in view of the rather large structural distortion [ Raman Shift (cm ') FIG No. 2 and NSC LaCu04~when examined in a (yy) polarization geometry. As shown in Fig. 6 , SC LaCu04+ No. 2 has a scattering peak at 630 cm ' at both 295 and 77 K, that is, in both the tetragonal and orthorhombic (phase-separated) forms. This peak is totally absent in (zz) polarization spectra The 6. 30-cm ' feature has been observed in spectra from "as-received" surfaces of two different crystals prepared by heating in 3 kbar of 02 at 550'C for 60 h (i.e. , the conditions denoted by the notation SC LaCu04+ No. 2). Interestingly, this feature was observed from some but not all fracture surfaces of SC LaCu04+, No. 2. In contrast, this peak was absent from NSC LaCu04 o and SC LaCu04+ No. 1 at all locations and temperatures examined. Further, this peak has not been observed in La2 Sr CuO4. ' The presence of the 630-cm ' peak on fracture surfaces and its strong polarization dependence greatly diminish the possibility that the peak is impurity related. Instead, it can be argued that the 630-cm peak is observed in regions of high average oxygen content. %'hen the 630-cm ' peak was observed using (yy) polarization, examination of the same spot using (zz) polarization revealed that the soft 2 phonon was weaker than in any of the spectra of Fig. 4 . This includes the bottom spectra of Fig. 4, obtained 
